Finnish agriculture is based on cereal cultivation and nearly half of the total utilized agricultural area (2 295 thousand ha) is used for cultivating barley, oat, wheat, and rye. In contrast, less than 1% is used for cultivating grain legumes, mainly pea and faba bean for feed purposes. As a result, Finland has a major dependence on inorganic fertilizers and imported vegetable protein. The Nordic region has many consumers that need gluten-free products and vegetable protein, so there is a potential demand for locally grown food legumes such as lentil. After a promising preliminary trial in 2009, 13 lentil cultivars were screened in Helsinki in 2010, 12 from the Crop Development Centre, University of Saskatchewan, Canada, and one from the University of Göttingen, Germany. Six of these cultivars were selected and screened again in 2011. The experiment was laid out as a randomized complete block trial with four replicates in all years; data on radiation interception, flowering and maturity were collected during the growing season. Growing degree-days (GDD) were calculated using a 5°C base temperature.
Introduction
Like most world agricultural systems, Finnish agriculture is based on cereal production, and relies on very simplified crop rotations, with the main products being barley, oat and wheat (Ekroos 2010) . In 2009, of the 2.3 million hectares of arable land, the proportion utilized for pea was 0.2% and in 2010 it was 0.3%, while the utilized area for faba bean in 2009 was 0.1% and in 2010 it was 0.4% (TIKE, 2010) . Finnish agriculture needs to increase even more the cultivation of legumes, to help diminish imports of soybean meal and fertilizers, to improve soil characteristics, to improve farmland biodiversity, and to improve quality and yield of crops (Stoddard et al. 2009 ).
The climatic conditions in Finland's short growing season restrict the range of crops that can be grown, but other northern countries have achieved to include crops other than cereals in their rotations. For example, in Saskatchewan, Canada the cultivation of grain legumes has increased remarkably since 1981, and currently Canada is the top producer of lentil (Lens culinaris Medik.) in the world (Carlyle 2004 , FAOSTAT 2011 .
The lentil is one of the most important grain legumes, ranking sixth in terms of production world-wide. Of the production, 70% is small-seeded lentils with red cotyledons, 25% green largeseeded and only 5% brown lentils. In Europe, the main producers of lentils are France and Spain, while the main importers are Spain and Italy (Erskine et al. 2009 ). According to FAOSTAT in 2008, Finland imported only 98 t of lentil, or 18 t/ million inhabitants, whereas other European countries imported considerably more, ranging from 157 t/million in Sweden to 1050 t/million in Spain. Thus there is clear potential for growth in the market for Finnish-grown lentils.
Lentil is considered, after barley, the second crop for the most challenging agricultural environments (Erskine et al. 2009 ). The aim of this research is to find early cultivars of spring-sown lentils suitable for Finnish environmental conditions.
Materials and Methods
Experiments were conducted in Helsinki at the Viikki Experimental Farm. Four cultivars were screened in 2009, 13 in 2010 and of these, 6 were tested again in 2011, chosen according to their performance in flowering, maturity, disease resistance and yield.
Twelve lentil cultivars were obtained from the Crop Development Centre, University of Saskatchewan, Canada, and one from Dr Bernd Horneburg, Georg August University of Göttingen, Germany. The experiment was laid out as a randomized complete block trial with four replicates. Plots were 1.25 m wide and 6 m long. Row spacing was 25 cm in 2009 and 12.5 cm in the other years and seed spacing was adjusted to provide the growing densities of 120-140 m -2 recommended by the breeders. Lentil seeds were inoculated with rhizobium before planting, and were sown on 7 May 2009, 13 May 2010 and 10 May 2011. Plant phenology was monitored daily, and dates were recorded when 10%, 50% and 90% of the plants in a plot reached flowering and maturity. Growing degree-days (GDD) to these points were calculated using a 5°C base temperature. A subplot of 0.5 m 2 was manually collected from each plot at maturity for quality analysis and yield estimation. Data were analyzed by one and two way analysis of variance using PASW Statistics 18 (SPSS Inc., Chicago, USA).
Results and Discussion
The three growing seasons in Helsinki had different weather patterns: 2009 was wet and cool, 2010 was very dry and 2011 was warm in the beginning but wet at the end (Figure 1 ). The maturity date of the cultivars varied significantly across the years, while other parameters did not vary significantly between years.
During the damp growing season of 2009, the lentils did not stop flowering, there were some signs of disease, and pigeons did considerable damage to the plots, but it served to identify Redberry as the least susceptible cultivar to Sclerotinia of the four (cvs. Plato, Viceroy and Robin).
In contrast, the growing season of 2010 was very dry and the majority of cultivars performed well, with the exception of cvs Sovereign and Sedley which lodged and matured late. There were significant differences between cultivars in all the phenological stages: to 10% flowering and to 50% flowering (P<0.01), to 90% flowering (P<0.05), and to 10% and 90% maturity (P<0.001). The earliest cultivar was cv. Rosetown (902 GDD), and the latest cv. Sedley (1215 GDD). There were no significant differences in yield (P>0.05), the average being 1.49 t/ha. Cultivar Meteor was the highest yielding with 1.87 t/ha but it lodged, whereas cvs. Redberry, Redbow, Redcoat, Rosetown and Milestone yielded between 1.5-1.6 t/ha and showed few problems in cultivation, so they were chosen to be screened again in the following season. The growing season of 2011 was more variable in both temperature and rainfall than either of the previous years, with August being particularly wet (Figure 1) . Nevertheless, the cultivars performed well. There were no significant differences between cultivars in flowering (P>0.05) but there were significant differences in maturity (P<0.05). The earliest cultivar was cv. Rosebud (961 GDD), followed by cv. Redbow (979 GDD). All cultivars matured later in 2011 than in 2010, with the difference greatest in cv. Rosetown, which required 127 more GDD.
There were no significant differences in flowering date due to year, but there were significant differences between cultivars (P<0.05) ( Table 2 ). For maturity there were significant differences due to both years and cultivars (P<0.001). More importantly there was a significant year x cultivar interaction for both flowering and maturity, so it is clear that weather conditions have a key impact on the fitness of cultivars (Figure 2) . Lentils grown in Helsinki in both years yielded around 1 to 1.8 t/ha and a protein content of 263 to 326 g/kg, and these values are in agreement with those from western Canada (Canadian Grain Commission, 2009). Moreover, there was no significant variation in either yield or total dry matter (TDM) due to cultivar, year or cultivar x year interaction (Table 2) . The indeterminate growth habit of lentil and the variable environment make it challenging to achieve stable maturity across years. Nevertheless, the yields were fairly stable and our screening trials show that there are several potential cultivars that could be suitable for Finnish agriculture. In particular, cv Rosebud could be a good "pioneer" for the cultivation of lentils in Finland, since it had least variation in 90% maturity date between 2010 (911 GDD) and 2011 (961 GDD). In addition, climate change predictions indicate that Finland will have a milder climate and a longer growing season in the future, which will facilitate the inclusion of lentils and other legume crops (Maracchi et al 2005 , Stoddard et al 2009 .
